Molekularni biotechnologie €.12

Vyuziti poznatkt molekularni biotechnologie. Transgenni
rostliny.



Transgenni organismy

Transgenni organismus: Organismus, jehoz genom byl
geneticky modifikovan cizorodou DNA.

Mikroorganismy
Rostliny
Zivogichové



Transgenni rostliny

* Pro prenos cizorodych genu do rostlinnych bunék se
vyuziva prirozené schopnosti bakterii Agrobacterium
tumefaciens napadat poranéné rostliny a prenaset do
nich ¢ast své genetické informace.

* Neékteré kmeny obsahuji Ti plasmid (tumor indukujici),
jehoz Cast (T DNA)

« se prenaSi z bakterialnich do rostlinnych bunék a
zacClenuje se do nahodnych mist v rostlinném genomu.



T DNA (T segment) obsahuje

Geny zodpovédné za tvorbu fytohormonu (auxin,
cytokinin),

které navozuji dediferenciaci rostlinnych pletiv a

jejich transformaci na krékové nadory.

Geny, které koduji syntézu opind.

Nadorove rostlinné pletivo produkuje opiny do prostredi,
kde jsou agrobakteriemi vyuzivany jako zdroj zivin.



chematické znazorneni Ti
plasmidu
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Figure 14.2 Schematic reprsentation of a Ti plasmid. The T-DNA is defined by its
left and right borders and includes genes for the biosynthesis of auxin, cytokinin,
and an opine; these genes arc only transcribed and tran
Outside of the T-DNA region, there is a cluster of vir genes, a genets) that encode
enzymel(s) for opine catabolism, and an origin ol DNA ref

slated in plant cells.

slication (ori), which
permits the plasmid to be stably maintained in Agrobacterium rumefaciens. None ot
these features is drawn 10 scale.



Vektory odvozené z Ti plasmidu

* Se pouzivaji pro pfenos cizorodych genu do rostlinného
genomu

« Ze sekvence T DNA byly odstraneny geny pro tvorbu
fytohormonu a opinu a ty jsou nahrazovany pfi klonovani
cizorodou DNA (transgenem)



Binarni vektorovy systém

Je zalozen na pouziti dvou plasmidovych vektoru
Plasmidovy vektor typu pBR322 obsahuje:
pocatek replikace a selekcni marker funk¢ni v E. coli,

modifikovanou sekvenci T-DNA (bez genu pro tvorbu
fytohormonuU a opind), v niz byly zachovany hraniéni
oblasti nezbytné pro jeji prenos do rostlinnych bunék
klonovaci misto pro zacClenéni cizorodé DNA a

selekCni marker pro identifikaci rostlinnych bunék, do
jejichz genomu byla cizoroda DNA zaclenéna.



Binarni klonovaci vektor

Figure 14.5 Two Ti plasmid-derived cloning vector systems. A. The binary
cloning vector has origins of DNA replication (ori) for both E. coli and A.
tumefaciens (or a broad-host-range origin), a selectable marker gene that can be
used in either E. coli or A. tumefaciens, and both a target gene and a plant
selectable marker gene inserted between the T-DNA left and right borders.
(Figure continues.)
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Kointegracni klonovaci vektor

rekombinantni vektor (plasmid) se mnozi v bunkach E.
coli a pak se konjugaci prenese do bunek Agrobacterium
tumefaciens, v nichz se nachazi druhy tzv.

pomocny Ti-plasmid
neobsahuje oblast T-DNA (byla z néj odstranéna),

poskytuje v8ak vSechny funkce nezbytné pro prenos T-
DNA z rekombinantniho plasmidu do rostlin.

Homologni rekombinaci vznikne kointegracCni klonovaci
vektor



Rekombinace a vznik kointegracniho klonovaciho
vektoru
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Po infekci rostlinnych bunék, kousku pletiv nebo
protoplastu

bunkami A. tumefaciens se T-DNA spolu s klonovanou
DNA vycCleni z rekombinantniho plasmidu a

prenese do rostlinné bunky, kde se zacleni do nékterého
z chromosomu.

Kultivaci téchto bunék v rustovych mediich obohacenych
o rostlinné hormony (stimulujicich rust kofenu a prytu)

|ze postupne regenerovat celé rostliny.

Vysledna transgenni rostlina obsahuje transgen ve
vSech bunkach a prenasi ho do potomstva.



DalsSi vektory pro vnaseni genu do rostlin

Virove vektory:

virus zlaté mozaiky rajcete (TGMV)
virus mozaiky kvetaku (CaMV)

Sifi se rostlinnymi pletivy a prenaseji
transgen do celé rostliny.



Ruzné metody pro vnaseni cizorodé DNA do
rostlin

Table 14.1 Plant cell DNA-delivery methods.

Method Comment

Ti plasmid-mediated gene An excellent and highly effective system that is
ransfer limited primarily to dicotyledonous plants

Microprojectile Used with a wide range of plants and tissues;
bombardment easy and economical but inefficient in yield-

ing stable integrative events

Viral vectors Not an effective wav to deliver DNA 1o plant
cells
Direct gene transfer into Can only be used with plant cell protoplasts
plant protoplasts that can be regenerated into viable plants
Microinjection Has limited usefulness because onlv one cell can

be injected at a time; it requires the services
of a highly skilled individual

Electroporation Its use is generally limited to plant cell proto-
plasts that can be regenerated into viable
plants

Liposome fusion Can only be used with plant cell protoplasts

that can be regenerated into viable plants
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Ruzné metody vnaseni cizorode DNA do
rostlin

Fyzikalni metody — biolisticka metoda
(nastrikuje se primo do bunek DNA
navazana na povrchu mikrocastic kovu)

Lipofekce (DNA se obali vrstvou
syntetickych lipidu za vzniku Castic
podobnych liposomum)
Elektroporace

Mikroinjekce DNA primo do bunek

Makroinjekce DNA do rostlinnych pletiv



Rostlinné selekCni a reporterové markery

Table 14.2 Plant cell reporter gene systems.

Enzyme activity Dominant Readily
selection  assayed
Neomycin phosphotransferase Yes Yes
(Kanamycin kinase)
Hygromycin phosphotra nsferase Yes Yes
Dihydrofolate reductase (Tetrahydrofolate Yes Yes
dehydrogenase)
Chloramphenicol acetyltransferase Yes Yes
Gentamycin acetyltransferase . Yes Yes
Nopaline synthase No Yes
Octopine synthase No Yes
B-p-Glucuronidase No Yes
Streptomycin phosphotransterase Yes Yes
Firefly luciferase No Yes
Bacterial luciferase No Yes
Threonine dehydratase Yes Yes
5-Ennlpyruvy]shikimatc-3-phnsphatc synthase Yes No
Phosphinothricin acetyltransierase Yes Yes
Acetolactate synthase Yes No
Bromoxynil nitrilase Yes No

e —

Adapted from walden and Schell 1990, Eur J. Biochem. 192:563-576.



Cile transgenoze u rostlin

Ovlivnit vlastnosti:
které zvysuji vynosy kulturnich rostlin nebo
vedou k vyssi kvalité plodu a semen

rostliny odolné k hmyzim skudcum, virovym,
bakterialnim a houbovym chorobam,

nepriznivym podminkam prostredi jako jsou
sucho, mraz, zasoleni pud Ci

odolnym herbicidum pouzivanym k jejich
ochrane pred plevely

odolnym vuci hmyzim skudcum
Odolnym vucéi Skodlivinam v prostredi



Transgenni odrudy

byly pfipraveny u mnoha druhu (vice jak 50):
obilovin, kukurice

ryze

SOji,

nékterych druhu zeleniny, ovoce,

repky olejné

vojtesky

byly pfipraveny transgenni dreviny (smrk, topol)



Priklady transgennich rostlin

Bt rostliny: ochrana vuci hmyzim skudcum,
endotoxin Bacillus thuringiensis toxicky
pro housenky

* Exprese genu pod kontrolou silného
konstitutivnino 35S promotoru a NOS
terminatoru
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Figure 14.6 Coiniegrate cloning vector carrying a Bacillus thuringiensis (B.1.)
insecticidal toxin gene. The toxin gene is under the contol of the strong,
constitutive 35S promoter (p35S) from cauliflower mosaic virus and the nopaline
synthase transcription terminator-polyadenylation site (INOS). The vector has a
E. coli origin of DNA replication (ori), a spectinomycin resistance gene (Spc’),
which allows the vector to be maintained and selected in E. coli cells, a T-DNA
right border, a plant selectable marker gene, and a region of DNA that is
homologous to DNA in the disarmed Ti plasmid, for integrating the two plasmids.
The neomycin phosphotransferase (NPT) gene, which acts as a plant reporter
gene, is under the transcriptional control of nopaline synthase gene sequences
(pPNOS, tNOS), and is used 1o select for kanamycin-resistant transformed plant
cells.



Transgeny odolné vuci virum

» odolnost navozena prenosem genu pro
tvorbu plastoveho proteinu virusu
tabakoveé mozaiky



Transgenni rostliny odolné vuci herbicidum

* Odolnosti vuci herbicidum (napf. glyfosat,
bromoxynilu): bylo dosazeno vhesenim
genu pro enzymy, které herbicid inaktivuji
nebo zabrani jeho vstupu do bunky a tak k
nemu ucini rostlinu rezistentni



Klonovani genu pro enzym nitrilaza z Klebsiella
ozaenae — detoxifikace herbicidu bromoxynilu
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Transgenni rostliny odolné k hmyzim
skudcum
* Transgenni rajCata odolna vuci hmyzim
Skudcum
* Transgenni hrachor odolny vuc€i hmyzim
Skudcum



Citlivost rajcat divokého typu a transgennich rajcat
K hmyzim Skudcum

Table 14.3 Susceptibility of wild-type and transgenic tomato plants to
insect damage.

Percentage of damaged Percentage of damaged
wild-type tomato plants® transgenic tomato plants®
Insect —Insecticide + Insecticide -— Insecticide + Insecticide
7-5 7 25 0.0
Tobacco hornworm 47.5 3 75 ; _?I 5 o
Tomato fruitworm 20.1 N.D. s a.j Iu:,La 4
Tomato pinworm 99.7 95.1 4 2 80.4
: The data are expressed as the percentage ol tested plants (in the case ol the wobacco hornwornl

L L de
BI 1L1n |_'||\{'l.||L|
fruits {for tomalo fruitworm 3[1'.1 1OITIalo ]H.] vOTII) thal were lc]['l ]LR_I.J The design:

h was ni LisLL
indicates that chemical insecticide was used: — Insecticide means that chemical insecuc ide wa
N.D., not determined

. | ] i i Techiialo By I o pr Ay
Adapted from Delannay e al. 1989, Bio/Technology 7:1265-1269.



Binarni klonovaci vektor nesouci cizorody gen,
jehoz exprese vede Kk rezistenci vu€i hmyzim

Skudcum u hrachoru

Figure 14.7 Binary cloning vector carrying a cowpea typsin inhibitor gene. The
vector contains a broad-host-range origin of DNA replication (ori) and a
kanamycin-resistance gene (Kan‘), which function in both E. coli and A
tumefaciens. Between the T-DNA left and right borders there are (1) a neomycin
phosphotransferase (NPT) gene under the transcriptional control of nopaline
synthase signals (pNOS and tNOS), which enables kanamycin-resistant
transformed plant cells to be selected, and (2) the cowpea trypsin inhibitor gene,
which is under the control of the 35S promoter (p355) from cauliflower mosaic
virus and the transcription terminator-polyadenylation region from the nopaline
synthase gene (INOS).
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Snizeni chemizace v zemeédélstvi

Snizeni mnozstvi pouzivanych pesticidu

nebo nahrazeni stavajicich typu herbicidu
takovymi, ktere

maji kratkou zivotnost a
jsou k prostredi setrnejsi.



Prodlouzeni trvanlivosti plodu rajCat

* bylo docileno pomoci transgenu, jehoz
ucinkem se inaktivuje enzym pektinaza,
ktera se podili na zrani plodu.



Odolnosti vuci chladu

* bylo u jahodniku docileno pfenosem genu
Z ryb.

* Syntetizuje se protein, ktery rostlinu
ochrani pred chladem.



Transgenni rostliny s farmakologickymi
ucinky
Transgenni ryze obohacena o gen koduijici
karoten.

Zdravotne vyznamné

Transgenni rostliny pro produkci antigenu
vyuzitelnych jako vakciny vuci bakterialnim a
virovym onemocnenim napr.

zelenina, v niz se tvori povrchovy antigen virusu
hepatitidy B



Prumyslové vyznamné transgenni rostliny

SlouZzi jako zdroj novych surovin pro prumysl
napr.

odrudy rfepky olejné s pozmenénym slozenim
zasobniho oleje v semenech slouzi jako
surovina pro vyrobu mydel, mazadel, nylonu,
bionafty — biologicky degradovatelna, pri
spalovani nevznikaji skodlivé latky.

Brambory s vyssim obsahem skrobu slouzi jako
surovina pro vyrobu Skrobu.

Transgenni rostliny pro pripravu novych
materialu poskytuji biodegradovatelné polymery
vyuzitelne jako plasty.



